Most patients with psychotic disorders experience severe cognitive impairment, but the onset and course of this impairment remain unclear. Moreover, the course of cognitive functions in other psychiatric conditions remains largely unexamined.
C ognitive impairment is a core feature of schizophrenia. 1, 2 Understanding its nature and course will help elucidate the pathophysiological processes that lead to the disorder.
There is clear evidence for cognitive deficits in children and adolescents who later have schizophrenia, with an estimated mean premorbid deficit of 8 IQ points. 3 A larger mean deficit of approximately 14 IQ points has been reported in adults with schizophrenia even at the first episode. 4 Longitudinal studies investigating IQ change from before to after illness onset have shown evidence of increasing cognitive impairment 5 as well as distinct premorbid trajectories between cognitive functions. 6 Therefore, the extent and course of premorbid impairment may differ between functions. While verbal deficits have shown a static course, emerging early and remaining stable, processing speed and working memory abilities have shown slower growth over time, resulting in increasing lags. 6 Important questions remain regarding the course of cognitive impairment in schizophrenia. 7 First, the timing of when deficits emerge is not well characterized. Therefore, it is unclear whether deficits evolve during specific developmental periods. The neurodevelopmental model of schizophrenia posits deviations in cognitive development many years before the emergence of overt clinical symptoms. 8, 9 Central to this model is the idea of dynamic developmental processes whereby early pathologic processes interact with normal developmental events, leading to progressively abnormal function. 8, 9 However, evidence of these dynamic processes has proved elusive because previous studies have not been able to comprehensively chart cognition from childhood to adulthood. Adolescence is a critical risk period for schizophrenia, 8, 9 and there is evidence for abnormal brain changes during this developmental period. 10 Yet, few studies permit examination of cognitive development between late childhood and early adolescence, 6 ,11 and studies spanning early childhood or late adolescence are rare, with mixed results. 12, 13 Second is the question of whether individuals with subclinical psychotic experiences have normal cognitive development. Cross-sectional studies 14, 15 of clinical high-risk samples have shown that individuals who transition to the clinical disorder manifest greater deficits in the domains of processing speed, memory, and working memory than those who do not. Moreover, subclinical psychotic symptoms have been associated cross-sectionally with lags in verbal and complex cognitive abilities. 16 Longitudinal studies of clinical high-risk samples have also shown that deficits in attention, working memory, and declarative memory are particularly indicative of later psychotic disorder. 17 Moreover, moderate deficits in these high-risk individuals compared with first-episode patients suggest that cognitive decline may occur before transition. 18 However, longitudinal studies are few, and most have short follow-up periods.
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A third question is how specific the cognitive deficits are to schizophrenia. Cognitive deficits have been identified in various psychiatric disorders, 21 but the extent and course of deficits appear to differ between disorders. 5, 22 Major depression and bipolar disorder have generally been associated with milder deficits than schizophrenia 21 or with even above-average intellect in the case of bipolar disorder. 23 However, it remains unclear how these deficits develop and whether a course of increasing impairment is specific to schizophrenia. Previous longitudinal cognitive studies have been unable to answer these questions. The use of measures of scholastic achievement or IQ proxies rather than standard measures has limited the conclusions that can be drawn from such studies. Moreover, the use of different cognitive tests across ages has made it difficult to establish true cognitive change. In addition, failure to assess cognitive functioning before adolescence, when prodromal symptoms are likely to first manifest, may lead to underestimates of the magnitude of cognitive decline that precedes illness onset. Finally, few studies have measured cognitive functioning longitudinally in other psychiatric disorders.
As part of an ongoing population-representative longitudinal study (the Avon Longitudinal Study of Parents and Children [ALSPAC]), we mapped IQ change from infancy (18 months) through early adulthood (20 years). We then focused on the period encompassing adolescence (age range, 8-20 years) using identical measures of IQ and specific cognitive functions across ages. Individuals with psychotic disorder, psychosis with depression, subclinical psychotic experiences, and depression were compared with controls.
IQ Change From Infancy Through Childhood, Adolescence, and Early Adulthood
We used data from all available individuals who had undergone cognitive testing during at least 1 assessment wave (18 months and 4, 8, 15, and 20 years) and had also undergone diagnostic interviewing at age 18 years. Variable numbers of individuals were available for analyses at each time (511 at age 18 months, 483 at age 4 years, 3930 at age 8 years, 3783 at age 15 years, and 257 at age 20 years). Full details are shown in Figure 1 .
Cognitive Developmental Change Between Ages 8 and 20 Years
A total of 4724 young adults attended the assessment wave at age 18 years and underwent extensive psychological testing, including the Psychosis-Like Symptom Interview (PLIKSi). 26 Based on the PLIKSi, a case-control sample of 260 individuals (130 at high risk for psychosis, with psychotic experiences present, and 130 controls with psychotic experiences absent) underwent cognitive testing at age 20 years. 27 All those who were rated as having psychotic experiences at age 18 years and a random sample of participants who were rated as not having any psychotic experiences were invited for testing at age 20 years. Of this case-control sample of 260 individuals, 228 participants who had also undergone cognitive testing at age 8 years were available for analyses and are henceforth referred to as the high-risk longitudinal sample (eFigure 1 in the Supplement).
Measures Psychotic Experiences
The semistructured PLIKSi draws on the Schedule for Clinical Assessment in Neuropsychiatry (SCAN). An introductory section on unusual experiences comprising 6 questions on derealization, depersonalization, self-unfamiliarity, dysmorphophobia, partial object perception, and other nonspecific perceptual abnormalities is followed by questions eliciting the following core psychotic experiences: hallucinations (visual, auditory), delusions (spied on, persecution, thoughts read, reference, control, grandiosity, or unspecified), and experiences of thought interference. Cross-questioning was used to establish the presence of symptoms, and coding followed glossary definitions and rating rules for SCAN. Interviewers were specially trained psychology graduates. Interviewers rated psychotic experiences as not present, suspected, or definite. Unclear responses after probing were always "rated down," and symptoms were rated as definite only when a clear example was provided. One of us (S.Z.) rated samples of recorded interviews every 2 months to ensure correct ratings by interviewers and to provide feedback. He also met with a group of 4 psychiatrists (G.L. and other nonauthors) at regular intervals throughout the course of the study to ensure agreement on ratings. If any interviewer's level of agreement with the criterion standard (clinician ratings) dropped below 90%, he or she received additional training.
Psychotic Disorder
If interviewers rated experiences as suspected or definitely psychotic, they also asked about frequency, help seeking, age at onset, attributions, and influence on affect, social function, and educational or occupational function (Measurement of Psychotic Experiences Using the PLIKSi in eMethods in the Supplement). Individuals were classified as having a psychotic disorder if they reported definite psychotic experiences not attributable to the effects of sleep or fever that had occurred at least once per month over the previous 6 months and either caused severe distress, had a markedly negative influence on social or occupational function, or led to help seeking. Individuals also met diagnostic criteria for psychotic disorders as defined by the DSM-IV and
International Classification of Disease and Related Health Problemss, Tenth Revision because they experienced regular psychotic phenomena that caused them severe distress or substantially impaired their functioning. For interrater reliability, the interviewers recorded audio interviews at 3 times approximately 6 months apart across the Shown is IQ change from infancy through childhood, adolescence, and early adulthood.
clinic duration (75 interviews in total). The mean κ value of psychotic experiences was 0.83, with no evidence of differences across time. Test-retest reliability was assessed using 162 individuals reinterviewed after approximately 47 days (κ = 0.76, SE = 0.08), 46 of whom were reinterviewed by the same interviewer (κ = 0.86, SE = 0.14). 36 to measure attention, were administered at ages 8 and 20 years. The WISC-III subtests were piloted on a sample of adults before the study to rule out ceiling effects.
Depression

Confounders
We examined age, sex, maternal education, and medication prescription as confounders. While all participants underwent testing during the same year at each assessment wave, they were not tested at exactly the same age. Prescription of medications for psychotic symptoms was ascertained during the PLIKSi.
Statistical Analysis
Our analyses compared the following 5 mutually exclusive groups based on clinical interviews at age 18 years: (1) psychotic disorder, (2) psychosis with depression (comorbid psychotic disorder and depression), (3) psychotic experiences, Twenty-eight measures were included in the imputation model, and 50 data sets were imputed (Data Imputation in eMethods in the Supplement). Sensitivity analyses were conducted to determine whether the different sampling frame at age 20 years could lead to bias in the results. The sampling frame at 18 months and 4, 8, and 15 years was the whole ALSPAC sample (approximately 14 062 individuals). At age 20 years, the sampling frame was 4724 individuals interviewed with the PLIKSi at age 18 years. Probability weights were calculated by taking the inverse of the probability of being a case (psychotic experiences present) or control (psychotic experiences absent) at age of inclusion into the study. Then, only individuals with data available at age 20 years were included in the analyses.
Cognitive Development Between Ages 8 and 20 Years
Full-scale, verbal, and nonverbal IQ scores were used to examine change in general cognitive functions between childhood (age 8 years) and adulthood (age 20 years) in the highrisk longitudinal sample (eFigure 2 in the Supplement). Raw scores on the digit symbol coding, digit span, vocabulary, block design, and sky search task were used to examine cognitive development in specific functions. Raw scores rather than agecorrected scaled scores were used. Scaled scores are the same at all ages to facilitate interindividual comparisons, thus obscuring growth over time. 6 In contrast, the use of raw scores Table. The psychotic disorder group showed increasing full-scale, verbal, and nonverbal IQ deficits from 18 months to 20 years, with overall declines in full-scale IQ equal to −1.09 SD (P = .02), verbal IQ equal to −0.69 SD (P = .07), and nonverbal IQ equal to −0.94 SD (P = .008).
The depression group showed an increasing nonverbal IQ deficit from 18 months to 20 years, with an overall decline equal to−0.29SD(P = .04). There was weak evidence for cognitive deficits in the psychotic experiences group and the psychosis with depression group.
Sensitivity analyses generated similar results (eFigure 2 and eFigure 3 in the Supplement). Repeating the analyses using only individuals with data available at all times also generated similar results (eFigure 4 in the Supplement). and this decline exceeded the established threshold for reliable change 38 in 10 of 16 (62.5%) individuals with psychotic disorder. Figure 3 shows raw processing speed, working memory, language, visuospatial ability, and attention scores, as well as ES at ages 8 and 20 years, with model statistics listed in eTable 3A in the Supplement. The psychotic disorder group showed statistically significant main effects on language (ES = −0.87, P = .005) and visuospatial ability (ES = −0.90, P = .001), suggesting static deficits in these domains. The psychotic experiences group also showed main effects on language (ES = −0.33, P = .02) and visuospatial ability (ES = −0.44, P = .01), which did not reach Bonferroni-corrected significance. Statistically significant groupby-age interactions for the psychotic disorder group on processing speed (ESΔ = −0.68, P = .001), working memory (ESΔ = −0.59, P = .004), and attention (ESΔ = −0.44, P = .001) tests suggested increasing lags in these domains. The psychotic experiences group showed significant group-by-age interactions on processing speed (ΔES = −0.29, P = .02) and attention (ΔES =−0.16,P = .04), which did not reach Bonferroni-corrected significance. No statistically significant results were seen in the psychosis with depression group or the depression group. We further examined the working memory and attention tasks by examining their subcomponents (eFigure 5 and eResults in the Supplement). The psychotic disorder group showed statistically significant lags on both the maintenance and manipulation working memory subtasks as well as in the selective attention subtask, while the deficit in sustained attention showed no change.
Specific Cognitive Functions
Adjusting for Confounders
After adjusting for age, sex, maternal education, and medication prescription (4 participants reported during the PLIKSi being prescribed medication at age 18 years) (eTable 3B in the Supplement), main effects for the psychotic disorder group on fullscale IQ (ES = −0.96, P = .04), verbal IQ (ES = −0.83, P = .03), language (ES = −0.59, P = .09), and visuospatial ability (ES = −0.53, P = .04), as well as the group-by-age interaction on full-scale IQ (ESΔ = −0.54, P = .01), were no longer statistically significant at the Bonferroni-corrected level, but the ES remained medium to large. Group-by-age interactions for the psychotic disorder group on nonverbal IQ (ESΔ = −0.64, P = .002), processing speed (ESΔ = −0.73, P = .001), working memory (ESΔ = −0.65, P = .006), and attention (ESΔ = −0.57, P < .001) remained significant. The ES for the psychosis with depression group and the psychotic experiences groups remained small.
Adjusting for Other Cognitive Tests
Main effects for the psychotic disorder group on language (ESΔ = −0.71, P = .04) and visuospatial ability (ESΔ = −0.37, P = .15) were no longer statistically significant at the Bonferronicorrected level when adjusting for other cognitive tests (eTable 3C in the Supplement). Group-by-age interactions on processing speed (ESΔ = −0.82, P = .001), working memory (ESΔ = −0.70, P = .005), and attention (ESΔ = −0.50, P < .001) remained significant. 
Discussion
By using a population-based cohort followed prospectively from birth, this study provides the strongest evidence to date of cognitive decline in individuals with psychotic disorder. Our findings advance knowledge in several ways. First, we traced the course of IQ through infancy, childhood, adolescence, and early adulthood in individuals with psychotic disorder, psychosis with depression, psychotic experiences, and depression. Only individuals with psychotic disorder showed progressive IQ deficits. Verbal IQ declined in early childhood and remained stable thereafter, whereas decline in full-scale IQ and nonverbal IQ continued through adolescence and early adulthood. Our findings suggest that psychotic disorder is associated with decline in not only nonverbal but also verbal cognitive functions, albeit during different developmental periods. These findings extend those of the British 1946 birth cohort 39 by showing static verbal deficits and increasing nonverbal deficits beyond adolescence. Cognitive impairment in schizophrenia has been hypothesized to be the product of 2 processes (static deficit and increasing lag 6 ), but previous studies were limited by the developmental periods during which data were available. Our findings, spanning the first 2 decades of life, suggest that cognitive deficits associated with psychotic disorder may be due to a single, dynamic process. Increasing lags may be present across cognitive functions, with the largest lags seen during potentially different critical developmental periods. Second, we focused on the period encompassing adolescence (age range, 8-20 years) using identical cognitive measures across ages. Developmental growth was ubiquitous across groups and cognitive functions, but the rate of growth differed. Individuals with psychotic disorder showed reduced growth on measures of processing speed, working memory, and attention. To our knowledge, this is the first time identical cognitive tests have been administered over this developmental period, one hypothesized to be of critical risk for schizophrenia. 8 Our findings suggest that increasing cognitive impairment during this developmental period is not due to an absolute deterioration in function over time. Rather, individuals do not keep up with developmentally normal growth. Our findings of dynamic developmental processes, leading to progressively abnormal cognitive function, are in line with a neurodevelopmental model. 8 These findings also extend those of the Dunedin birth cohort 6 by showing that an absolute deterioration in cognitive functions remains unlikely even in adolescence. Third, we compared individuals having psychotic disorder, psychosis with depression, psychotic experiences, and depression with controls. Previous findings regarding the specificity of increasing cognitive impairment are mixed, with reports of IQ decline in affective psychoses, 13 processing speed delays in psychotic experiences, 40 and small, general deficits in depression. 5, 6 In our sample, individuals with psychosis with depression, psychotic experiences, and depression showed small cognitive lags and deficits in certain functions. Only individuals with psychotic disorder demonstrated large, widespread, progressive deficits. The psychosis with depression group outperformed those with psychotic disorder across all functions but also showed only small deficits compared with controls except in processing speed. Similar findings have been reported previously, 41,42 although there have been reports of large declines in verbal ability in individuals with affective psychoses. 13 One possible reason for these discrepant findings may be differences in sample ascertainment. While the sample in the study by MacCabe et al 13 comprised male conscripts who had been admitted to a hospital, our sample comprised both sexes from a general population cohort. Moreover, while we were able to establish the simultaneous occurrence of psychotic disorder and depression at age 18 years, we were not able to distinguish between individuals in whom these symptoms began simultaneously and those in whom depression preceded psychosis or vice versa. Future studies that use dimensional approaches of psychopathology and are able to disentangle the timing of depressive and psychotic symptoms are needed to better elucidate the cognitive correlates of psychosis with and without affective symptoms. Altogether, these findings suggest that psychotic disorders with and without accompanying affective symptoms have different causes. 43 While affective and nonaffective psychoses may share certain susceptibility genes, 44 additional genetic or environmental factors may lead to distinct neurodevelopmental profiles.
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Our findings have important theoretical and clinical implications. The extent and timing of cognitive deficits in psychotic disorder vary between functions. Verbal functions may decline during early childhood and remain stable thereafter, while deficits in nonverbal functions may continue to increase through adolescence and early adulthood. Early neurodevelopmental insults may lead to verbal deficits that emerge early and interact with later neurodevelopmental processes, leading to increasing deficits in functions that mature later. Alternatively, early verbal deficits may impede normal developmental growth in other functions, leading to increasing lags during adolescence and beyond. Clinically, our findings highlight the importance of early intervention for cognitive deficits. Verbal abilities may be more amenable to change during childhood, while interventions during adolescence may be most effective for nonverbal abilities.
Limitations
This study has some limitations. First, the analyses spanning infancy and adulthood used variable numbers of individuals available at different ages, as well as at certain ages only small groups with psychotic disorder. Therefore, while our sample was drawn from a well-characterized, population-based birth cohort, the results require replication in independent samples. Future studies using racially/ethnically diverse samples are also needed because 95% of the ALSPAC sample comprises Britons of white race/ethnicity. However, our imputations suggested that missing data at younger ages were unlikely to have led to bias in the results. Moreover, the findings of the longitudinal highrisk sample at ages 8 and 20 years corroborate those from infancy to adulthood (eFigure 6 in the Supplement). Second, while we classified those comorbid for psychotic experiences and de- pression into the depression group, this group may have a cognitive profile distinct from those with depression without psychotic experiences. However, supplementary analyses separating out this group suggest that they do not differ substantially or consistently across domains from those with psychotic experiences or depression alone (eFigures 7, 8, 9, and 10 in the Supplement). Third, depression was ascertained using a self-administered questionnaire, and our results require replication using a clinical interview. Future follow-up studies will also be able to disentangle the timing of affective and psychosis symptoms because psychotic disorder may later develop in some individuals in the depression group. Fourth, a recent study 45 reported that schizophrenia polygenic risk score is associated with nonparticipation in the ALSPAC. However, the effect was small, with individuals being 11% to 15% less likely to attend follow-up visits. 45 Because schizophrenia polygenic risk score has also been associated with poorer cognition 46 and greater cognitive decline, 47 our results may only underestimate, rather than overestimate, the cognitive deficit or decline associated with psychotic disorder. Moreover, the ES data reported herein closely approximate those of multiple metaanalyses of cognitive functioning in schizophrenia, 1,3,4,48 and our imputations and sensitivity analyses suggest that missing data are unlikely to have led to bias.
Conclusions
Individuals with psychotic disorder showed a dynamic course of cognitive impairment throughout the first 2 decades of life. Verbal functions declined during infancy, whereas nonverbal abilities showed reduced growth during adolescence. Future efforts to elucidate the pathophysiological processes underlying this progressive dysfunction and the developmental periods during which it occurs will inform early detection and intervention strategies. Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
Additional Contributions:
We are grateful to all the families who took part in this study, the midwives for their help in recruiting them, and the whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical workers, research scientists, volunteers, managers, receptionists, and nurses. *These sensitivity analyses were conducted on unimputed data so the number of participants at younger ages is small. While the psychotic disorder and psychosis with depression groups show a larger verbal IQ advantage and disadvantage, respectively, compared to controls, the psychotic disorder group also show a clear decline between ages 4 and 20 (from 0.1 SD above controls to 0.9 SD below controls), which closely resembles the results of analyses using imputed data shown in Figure 2 (from 0.1 SD to 0.6 SD below controls). We used imputation analysis with chained equations in STATA software (version 14; StataCorp) in order to determine whether the smaller group sizes at ages 18 months and 4 years could lead to bias in the observed associations. We examined missing data patterns for fullscale IQ at ages 18 months, 4, 8, 15 and 20 years using the misschk command. On average, controls had cognitive data available for 2.1 (SD=0.7) time points, the depression and psychotic experiences groups for 2.2 (SD=0.9) time points, the psychosis with depression group for 2.4 (SD=0.9) time points, and the psychotic disorder group for 2.3 (SD=0.8) time
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points. The majority of individuals had cognitive data available at three time points (n=2912, 67%). Then, in descending order of frequency, individuals had cognitive data available at four (n=735, 17%), one (n=354, 8%), two (n=306, 7%) and all (n=15, 0.4%) time points.
Missing data was imputed for full-scale and verbal IQ at ages 18 months and 4 years, and non-verbal IQ at age 4. Twenty-eight measures were included in the imputation model, including cognitive variables at ages 8 and 15, as well as variables relating to parental sociodemographic characteristics, such as parental educational qualifications and house crowding indices. Fifty datasets were imputed.
eResults. Supplemental Results
Cognitive development between ages 8 and 20
We further examined the developmental lags in working memory and attention by dividing them into their subcomponents. Figure S3 shows unadjusted scores and effect sizes for the maintenance and manipulation subtasks of working memory, as well as the selective and sustained components of attention. Group-by-age interactions were significant for the Assesses visual perception and construction ability. Cut-up cardboard figures of familiar objects (puzzles) are given in order of increasing difficulty. The subject must construct the whole visual object from its parts within time constraints. Block design Assesses visual-spatial organization, executive planning, and problem solving skills. The subject is required to put together red and white blocks in a pattern according to specific designs being displayed.
Mazes
Assesses attention to detail, planning, perceptual organization and fine motor control. The subject is required to solve pencil and paper mazes of increasing difficulty.
Picture completion
Assesses visual discrimination and reasoning. It requires knowledge of a variety of common objects and scenes. Subjects are shown incomplete pictures of human features, familiar objects or scenes arranged in order of difficulty and are asked to identify the missing part.
Geometric design
Assesses visual perception, visual-motor organization, fine motor coordination and attention to detail. Includes two types of tasks where the subject is required to 1) match a pictured design from an array of four designs and 2) draw a copy of a geometric figure from a printed model. Information
Assesses general knowledge, the ability to acquire and store knowledge in long-term memory, to access it, and to express it verbally. Assesses psychomotor speed, coordination and attention. Better performance also depends on incidental learning. A key that pairs symbols and numbers is presented. Within a time constraint, the child is requested to fill in rows containing blank squares (each with a randomly assigned number above it) using the key. Picture arrangement Assesses attention to visual detail, sequential reasoning, planning and social logical knowledge. The subject is asked to sequence cartoon pictures to make stories. Digit span Assesses short-term auditory memory and attention. Requires the subject to repeat a sequence of numbers (with increasing numbers of digits) in order (the forward component) and a different series of digits in reverse order (the backward component 
